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Abstract of EP 1059713 (A2) 

A method for conditioning the light emission of a 
laser generator (1 ), comprising an array (2) of laser 
diodes positioned side by side along a spatial axis 
(X), to equalize brightness in the direction (X) of the 
array (2) and in the direction (Y) perpendicular 
thereto, said conditioning being such as to enable 
optimal use of the laser beam (L) resulting from the 
compounding of the individual beams (LI, L2, L3) 
emitted by said laser diodes, the method comprising 
the following steps; a) separating by deflection the 
laser beams (LI , L2, L3) emitted by the laser 
diodes; b) conveying at least the adjacent laser 
beams (LI , L2, L3) emitted by said laser diode array 
(2) into different spatial planes; c) recombining said 
beams (LI, L2, L3) in different planes along an axis 
(Y) perpendicular to the axis (X) along which the 
laser diodes lie; ; and d) collimating said laser 
beams into a resultant single laser beam (L). The 
method is implemented by a device comprising 
means for separating the individual laser beams 
emitted side by side by the laser diode array, and 
means for recombining said beams such as to 
superpose these latter in order to enable their 
subsequent collimation. 




Data supplied from the esp@cenet database — Worldwide 



Europalsches Patentamt 
European Patent Office 



(11) EP 1 059 713 A2 



(43) Date of publication: 

13.12.2000 Bulletin 2000/50 



(21) Application number: 00112060.9 

(22) Date of filing: 05.06.2000 



EUROPEAN PATENT APPLICATION 

(51) int.ci7: H01S5/40, G02B 27/09 



(84) Designated Contracting States: 


(72) Inventors: 




AT BE CH CY DE DK ES Fl FR GB GR IE IT Li LU 


• Piccinno, Giuliano 




MCNLPTSE 


27028 San Martino Siccomario (Pa 


/la) (IT) 


Designated Extension States: 


• Agnesi, Antoniangelo 




AL LT LV IIAK RO SI 


27100 Pavia (IT) 




(30) Priority: 08.06.1999 IT MI991 271 


(74) Representative: 






Ripamonti, Enrico, Dr. Ing. et al 




(71) Applicant: 


ing. A. Giambrocono & C. s.r.l., 




BRIGHT SOLUTIONS SOLUZiONI LASER 


19/B, Via Rosolino Pilo 




INNOVATIVE S.R.L 


20129 Mllano (IT) 




27100 PAVIA (IT) 







(54) Method and device for conditioning the light emission of a laser diode array 



(57) A method for conditioning the light emission of 
a laser generator (1), comprising an array (2) of laser 
diodes positioned side by side along a spatial axis (X), 
to equalize brightness in the direction (X) of the array (2) 
and in the direction (Y) perpendicular thereto, said con- 
ditioning being such as to enable optimal use of the 
laser beam (L) resulting from the compounding of the 
individual beams (LI, L2, L3) emitted by said laser 
diodes, the method comprising the following steps: a) 
separating by deflection the laser beams (LI , 12, 13) 
emitted by the laser diodes; b) conveying at least the 
adjacent laser beams (11 , L2, L3) emitted by said laser 



diode array (2) Into different spatial planes; c) recombln- 
ing said beams (LI , L2, L3) in different planes along an 
axis (Y) perpendicular to the axis (X) along which the 
laser diodes lie; and d) collimating said laser beams into 
a resultant single laser beam (L). The method is imple- 
mented by a device comprising means for separating 
the individual laser beams emitted side by side by the 
laser diode an^y and means for recombining said 
beams such as to superpose these latter in order to 
enable their subsequent colllmatlon. 
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Description 

[0001] This invention relates to a method of condi- 
tioning, or suitably nnodifying, the spatial distribution of 
the laser light emission of a array of power laser diodes 
(defining a laser diode bar) in order to optimize the use 
of the resultant laser beam emitted by said array, in 
accordance with the main claim. The invention also 
relates to a device for implementing the aforesaid 
method. 

[0002] A laser generator of laser diode bar type is 
l<nown to require optimization for proper use; for exam- 
ple if using optical fibres, the coupling efficiency in cou- 
pling such a device to a multimodal optical fibre has to 
be optimized. This requirement arises from the fact that 
light emission by a laser diode bar results from the com- 
pounding of a plurality of laser beams each emitted by a 
corresponding power diode of the laser diode array. By 
virtue of the geonnetrical characteristics of this array, 
each beam tends to open as a "fan" and has hence to 
be suitably conditioned in order for the laser beam 
resulting from the compounding of all the individual 
laser beams to attain the correct dimensions (substan- 
tially point-like on a target) and angular aperture for its 
insertion into an optical fibre. 
[0003] Bars of high power laser diodes also fre- 
quently require devices for their coupling to the multimo- 
dal optical fibre to facilitate their use in various 
applications in which it is preferable to physically sepa- 
rate the bar from the object onto which the laser is to be 
applied. This ensures, inter alia, a better protection of 
the bar itself, this often being an element of merit in the 
architecture of the laser source, while at the same time 
achieving a modular system with a simple connection 
via optical fibre which for example facilitates work 
required for replacing the bar itself, or for coupling sev- 
eral laser beam generating bars to this fibre. 
[0004] The difficulty of implementing a method for 
efficiently transferring light energy from the bar to the 
optical fibre (and of providing a con-esponding device) 
derives from the emission characteristic (or modality) of 
the bar which, as stated, is strongly asymmetrical. Its 
individual constituent emitters are aligned along a first 
spatial axis X, they emit light along a second axis Z and 
are rectangular in shape, with that side along the third 
axis Y (perpendicular to X and Y) much shorter than 
that along the X axis. 

[0005] To quantify the concept of spatial quality of a 
laser beam of wavelength X, normally the product 
Q = neW/X is evaluated for the angle of divergence 
(associated with diffraction) % and 0^ in each of the two 
directions X, Y, and the corresponding characteristic 
dimension Wx and Wy of the light distribution in the 
plane perpendicular to the axis of propagation in which 
the area of this distribution is a minimum. The signifi- 
cance of the merit parameter Q (spatial quality related in 
known manner to brightness) therefore represents the 
ratio of the real beam divergence, 0, to the theoretical 



minimum divergence Xy(itW) which it can possess by 
virtue of diffraction, from which it follows that Q > 1 . The 
directions X and Y can be associated with a character- 
istic brightness, inversely proportional to Qx and Qy 
5 respectively 

[0006] For example, in the emission from a single 
bar element, Qy is close to 1 and Qx = 20-30. 
[0007] In any event, the overall emission along the 
X direction, achieved by incoherently superposing the 
w emissions of the various constituent diodes (normally > 
10) of a bar, is substantially worse in terms of spatial 
quality and brightness (Qx > 1 000) than the entire distri- 
bution in the X direction (Qy equal to about 1), where 
the emitter beams do not mix. 
;5 [0008] This means that the distribution of the light 
emitted by a laser diode bar can be easily focused in the 
Y direction but is difficult to focus on a small dimension 
in the X direction with a focusing angle adequate for 
example for efficiently propelling (ie inserting) the laser 
20 beam into the optical fibre. 

[0009] Even in direct power bar applications (ie 
those not requiring the use of optical fibres for light 
transportation) there remains the problem of spatial 
quality of the laser beam. In this respect, it is often desir- 
es able for the laser light not only to be focusable within 
sufficiently small dimensions, but also to reasonably 
remain within these dimensions for a certain length 
along its axis of propagation. 
[0010] An object of this invention is to provide a 
30 method for modifying the original emission distribution 
of a laser bar in order to equalize its spatial quality (and 
hence brightness) in the X and Y directions in the case 
of direct applications, and its coupling efficiency in an 
optical fibre. 

35 [0011] A further object is to provide a device for 
implementing the aforesaid method which is of low con- 
structional and operating costs. 
[0012] These and further objects which will be 
apparent to an expert of the art are attained by a 

40 method and device in accordance with the accompany- 
ing claims. 

[0013] The invention will be more apparent from the 
accompanying drawing, which is provided by way of 
non limiting example and on which: 

45 

Figure 1 is a schematic view of a device of the 

invention taken from above; 

Rgure 2 is a side view of the device of Figure 1 ; 

Figure 3 is a section on the line 3-3 of Figure 1 ; 
50 Figure 4 is a section on the line 4-4 of Figure 1 ; 

Rgure 5 is a section on the line 5-5 of Figure 1 ; 

Rgure 6 is a schematic view from above showing a 

first device for focusing the laser beam leaving the 

device of the invention; 
55 Rgure 7 is a side view of the device of Figure 6; 

Rgure 8 is a schematic view from above showing a 

second device for focusing the laser beam leaving 

the device of the invention; 
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Figure 9 is a side view of the device of Figure 8; 
Figure 1 0 is a view from above showing a variant of 
the device of the invention associated with the 
focusing device of Figures 6 and 7; 
Figure 11 is a side view of the device of Figure 10; 
Figure 12 is a schennatic view of a further embodi- 
ment of the device of the invention taken from 
above; 

Figure 13isasection on the line 13-13of Figure 12. 

[0014] In Figures 1, 2, 6, 7, 8, 9, 10, 1 1, 12 and 13 
the cartesian axes are shown in order to clarify the 
description. Furthermore the focusing devices of Fig- 
ures 6 to 13 coupled to the device of the invention are 
known per se. 

[0015] With reference to Figures 1 to 5, the device 
of the invention is shown associated with a laser gener- 
ator 1 comprising a bar or array 2 of power diodes pro- 
viding continuous or pulsating laser light emission. The 
bar 2 is powered by a usual unit 3 for electrically power- 
ing said bar and for controlling its operating tempera- 
ture. The bar 2 is of known form. It is of rectangular 
parallelepiped shape and, with reference to the carte- 
sian axes shown in Figures 1 and 2, extends along the 
X and Y axes. The laser beams from the power diodes 
are emitted in the direction of the Z axis. As can be seen 
from the figures, and as Is the norm, the bar 2 extends 
along the X axis further than along the Y axis. 
[0016] For greater clarity of explanation, this 
description will consider a bar consisting of three indi- 
vidual emitters or three emitter groups, to which there 
correspond three laser beams LI , 1.2, L3. This consider- 
ation serves only to facilrtate the description of the 
invention, and in no way represents a limitation on the 
method and device of the invention. 
[0017] In front of the bar 2 there Is positioned a sep- 
arator member 5 comprising for example a cylindrical 
microlens 6 or a lens having a dioptric power other than 
zero along only one of the directions perpendicular to 
the axis of propagation of the laser beam or of the light 
in general. It has a substantially rectangular cross-sec- 
tion and extends along a major axis W. This microlens is 
suitably inclined to the bar 2 such that its axis A forms 
an angle a to the plane of the X axis, as shown In Figure 
3. The purpose of the member 5 is to collimate the 
beams LI, L2 and L3 (of substantially blade-shaped 
cross-section) in the direction of the V axis, their axis of 
propagation being shifted angularly in the direction of 
the Y axis (visible in Figures 2 and 4) to an extent 
depending on the position occupied by each individual 
emitter in the bar 2, on the basis of known geometrical 
optics relationships. 

[0018] As stated, the axis W of the member 5 is 

inclined to the plane of the X axis by an angle a for 
example of between O.r and 5°. In order to avoid move- 
ments of the beams LI, L2, L3 along the Y axis which 
are too small, the angle a should not fall below too small 
a value (for example 0.05°); this angle in any event 



depends on the planarity of the bar 2 along the X axis. 
[0019] The device of the invention also comprises a 
recombining member 8 spaced from the member 5. 
Between the two there can be inserted (as in the 

5 embodiment of Figures 1 and 2) a spherical lens 1 0, but 
this Is not essential (as can be seen from the embodi- 
ment of the device shown in Figures 12 and 13). The 
purpose of the recombining B member is to make the 
propagation directions of the centroids of the individual 

10 beams LI , L2 and L3 perfectly parallel, by aligning them 
in the direction of the Y axis (or along it), as shown in 
Figure 5. 

[0020] Downstream of the member 8, the image of 
the bar emission conditioned in this manner has its spa- 

15 tial quality (and hence brightness) equalized in the X 
and Y directions, and can hence be focused In optimal 
manner with minimum divergence, for direct applica- 
tions or for coupling to an optical fibre 12 (Figure 14). In 
this respect, if N is the number of beams, the now con- 

20 ditioned spatial distribution has Q'y = NQy and 
Q\ = Qy^/N, with Q'^ = Q'y , the optimal choice for 
the number of beams hence being N = V (Q ^/Q y) ■ 
[0021] By way of example, four possible arrange- 
ments for the recombining member 8 are described 

25 hereinafter with reference to Figures 6 to 1 3. 

[0022] In the embodiment of Figures 6 and 7, the 
member 8 comprises a plurality of flat-convex cylindrical 
lenses of positive focal length 13, superposed on each 
other, their centres being positioned along an axis lying 

30 in a plane perpendicular to the Z axis and inclined to the 
Y axis to make the propagation directions of the centro- 
ids of the beams Li , L2 and L3 leaving the member 8 
parallel to the Z axis, In accordance with geometrical 
optics relationships. 

35 [0023] In the figures under examination, two cylin- 
drical lenses 14 and 15 are positioned at a suitable dis- 
tance from the member 8 such that the image of the 
beams LI , L2 and L3, newly conditioned by the member 
8, is focused in the two directions X and Y in one and 

40 the same plane F-F with dimensions defined on the 
basis of the application of the resultant laser beam leav- 
ing these lenses. For example, in order for the beam L 
to be able to be inserted into an optical fibre 50 (as in 
Figure 14), this beam must be focused within the fibre 

45 core, with an entry cone contained within the accept- 
ance cone of the optical fibre. 

[0024] In the figures under examination, the lens 1 0 
has a focal length F and is positioned at a distance F 
from the member 5 so as to collimate the beams emitted 

50 by the laser diodes and form on the recombining mem- 
ber 8, also positioned at a distance F from the lens, a 
figure consisting of an image of the individual beams 
aligned In the direction of the Y axis (see Figure 5). 
[0025] In the embodiment shown in Figures 8 and 

55 9, the member 8 comprises a plurality of flat-concave 
cylindrical lenses of negative focal length 20, their cen- 
tres being positioned on a straight line lying in a plane 
perpendicular to the Z axis and inclined to the Y axis to 
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make the propagation directions of the centroids of the 
beams L1 , L2 and L3 leaving the member 8 parallel to 
the Z axis. 

[0026] As in the case of Figure 6 and 7, in the fig- 
ures under consideration the lens 10 and the focusing s 
lenses 21 and 22 are also provided, their purpose being 
identical to that of the aforedescribed lenses 14 and 15. 
In this case, the lens 21 is a cylindrical lens the focal 
length and position of which are chosen to collimate the 
newly conditioned laser beam in the X direction with a to 
suitable direction, in such a manner as to obtain in the 
focal plane of the spherical lens 22 a light distribution 
with defined dimensions in the X and Y direction. 
[0027] In Figures 10 and 11 the member 8 com- 
prises a plurality of flat mirrors 25, the nonnals of which is 
are progressively rotated (in advancing along an axis 
parallel to the Y axis) parallel to the X-Z plane. These 
mirrors deflect the laser beams LI , L2 and L3 in a direc- 
tion perpendicular to the Z axis, and hence along the X 
axis, where lenses 26 and 27 similar to the lenses 14 so 
and 15 of Figures 6 and 7 are positioned. Figure 11 
shows the cross-section through the beams LI , L2 and 
L3 on the lens 26. The lenses 26 and 27 operate as the 
lenses 14 and 15, and consequently reference should 
be made to the description of these latter. 25 
[0028] Again in the figures under examination, the 
beams LI, L2 and L3 strike the lens 10 (not shown) 
positioned between the member 8 and the member 5. 
[0029] In Figures 12 and 13 the member 8 com- 
prises a plurality of mirrors 30 (30A, 30B, 30C in the so 
example) orientated to dispose the beams LI , L2 and 
L3 along the Y ax's and to deflect them as in Figures 1 0 
and 1 1 . 

[0030] The individual min-ors are suitably orientated 
to obtain correct desired arrangement of the beams LI , 35 
L2 and L3. To understand how the individual mirrors 
should be orientated, a sequence of three mirrors will 
be assumed, arranged along the X axis with their nor- 
mal parallel to the X-Z plane, at 45° to the X axis. Only 
the central mirror SOB con-ectly reflects the correspond- 4o 
ing laser beam L2, the mirrors 30A and 30C being suit- 
ably rotated (through equal angles but in opposite 
direction) about their axis K to make the propagation 
direction of the centroids of LI , L3 parallel to the X axis 
after reflection. 45 
[0031] A cylindrical lens 37 of suitable focal length 
is inclined to the Y axis by an angle such that LI , L2, L3 
reach the lens after travelling through a path of equal 
length. In this manner LI, L2, L3 are coHimated with 
equal cross-sections, and propagate parallel to the X so 
axis. A pair of cylindrical lenses similar to the lenses 1 4, 
15 then achieve the desired focusing of the resultant 
beam. 

[0032] It should be noted that the arrangement of 
Figures 12 and 13 does not comprise the lens 10. In this 55 
case the recombining member 8 is therefore positioned 
at a suitable distance from the separator member 5 to 
be "struck" by the beams LI , L2 and L3 made divergent 
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by said member 5. This distance is chosen on the basis 
of the dimensions of the device of the invention and of 
the member 8. 

[0033] Using the member 8 as represented in one 
of the aforedescribed Figures 6 to 1 3, the entry plane of 
a multimodal optical fibre 50 can be presented with a 
virtually square light distribution, with similar and oppo- 
site X and Y dimensions, and divergence angles in the 
two perpendicular directions which are compatible with 
the characteristic acceptance angle. This enables light 
to be efficiently transferred from the laser diode bar to 
the optical fibre. 

Claims 

1. A method for conditioning the light emission of a 
laser generator (1 ) comprising an array (2) of laser 
diodes, to equalize brightness in the direction (X) of 
the array (2) and in the direction (Y) perpendicular 
thereto, said conditioning being such as to enable 
optimal use of the laser beam (L) resulting from the 
compounding of the individual beams (LI, L2, L3) 
emitted by said laser diodes, for example for its opti- 
mal coupling to an optical fibre (50), said laser 
diodes being positioned side by side along a spatial 
axis (X) perpendicular to which the individual laser 
beams are emitted, the method being characterised 
by comprising the following steps: a) separating by 
deflection the laser beams (LI , L2, L3) emitted by 
the laser diodes, said separation taking place in 
proximity to the laser diode array; b) conveying at 
least the adjacent laser beams (LI , L2, L3) emitted 
by said laser diode an^iy (2) into different spatial 
planes; c) recombining said beams (LI , L2, L3) in 
different planes along an axis (Y) perpendicular to 
the axis (X) along which the laser diodes lie; and d) 
collimating said laser beams into a resultant single 
laser beam (L). 

2. A method as claimed in claim 1 , characterised in 
that following the separation, by deflection, of the 
laser beams (LI , L2, L3) emitted by the laser diode 
array (2), said beams (LI, L2, L3) are propagated 
along the emission direction (Z). 

3. A method as claimed in claim 1 , characterised in 
that following the recombining of the laser beams 
(LI , L2, L3) emitted by the laser diode array (2), 
said beams (LI , L2, L3) are propagated along the 
said emission direction (Z). 

4. A method as claimed in claim 1 , characterised in 
that following the recombining of the laser beams 
(LI , L2, L3) emitted by the laser diode array (2), 
said beams (LI, L2, L3) are propagated along a 
direction perpendicular to the emission direction 
(2). 
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5. A device for conditioning the light emission of a 
laser generator (1) comprising a laser diode array 
(2) in accordance with the method of claim 1, said 
laser diode array (2) being a rectangular parallelepi- 
ped body extending mainly along a principal spatial $ 
axis (X) and to a lesser extent along a second axis 
(Y) perpendicular to this latter, the laser beams (LI , 
L2, L3) being emitted by said diodes along a third 
axis (Z) perpendicular to said axes (X, Y), said 
device being characterised by comprising, for said (o 
laser beams (Li, L2, L3), separator and deflector 
means (5) positioned in proximity to the laser diode 
an-ay (2) and arranged to convey said beams into 
different spatial planes parallel to the plane defined 

by the aforesaid first and third axis (X, Y), and 75 
recomblning means (8) to propagate said side-by- 
side laser beams (LI , L2, L3) along an axis parallel 
to the second axis, said laser beams (LI, L2, L3) 
being then focused by focusing means (14, 15; 21, 
22; 25, 30) in accordance with the characteristics 20 
requested for the resultant beam (L) in the focal 
plane. 

6. A device as claimed in claim 5, characterised in that 
the separator and deflector means are for example 25 
a lens having a dioptric power other than zero along 
only one of the directions perpendicular to the axis 

of propagation of the laser beam, for example a 
cylindrical microlens (6). 

30 

7. A device as claimed in claim 6, characterised in that 
the cylindrical microlens or lens (6) has its axis of 
symmetry (W) inclined to the plane defined by the 
first and third axis (X, Z). 

35 

8. A device as claimed in claim 5, characterised in that 
the recomblning means (8) comprise a plurality of 
superposed flat-convex cylindrical lenses (13) of 
positive focal length with their centres positioned 
along an axis lying in a plane perpendicular to the 40 
axis (Z) and inclined to the second axis (Y). 

9. A device as claimed in claim 5, characterised in that 
the recomblning means (8) comprise a plurality of 
superposed flat-convex cylindrical lenses (20) of 4S 
negative focal length with their centres positioned 
along an axis lying in a plane perpendicular to the 
axis (Z) and inclined to the second axis (Y). 

10. A device as claimed in claim 5, characterised in that so 
the recomblning means (8) comprise a plurality of 
mirrors (25), the normals of which, in advancing 
along an axis parallel to the second axis (Y), are 
progressively rotated parallel to the plane defined 

by the first and third axis (X, Z). 55 

11. A device as claimed in claim 5, characterised in that 
the recomblning means (8) comprise a plurality of 



mirrors (30, 30A, 30B, 30C) orientated to deflect the 
beams (LI, L2, L3) emitted by the laser diodes 
along an axis parallel to the first axis (X), and to dis- 
pose them along an axis parallel to the second axis 
(Y). 

12. A device as claimed in claim 11, characterised in 
that a cylindrical lens (37) inclined to the Y axis 
effects colllmatlon of the deflected beams (LI , L2, 
L3). 

1 3. A device as claimed in claim 5, characterised in that 
the focusing means are cylindrical lenses (14, 15) 
positioned in succession along the path of the laser 
beams (LI, L2,L3). 

14. A device as claimed in claim 5, characterised in that 
the focusing means are a cylindrical lens (21 ) and a 
spherical lens (22) positioned along the path of the 
laser beams (LI, L2, L3). 

1 5. A device as claimed in claim 5, characterised in that 
a spherical lens (10) is positioned between the sep- 
arator means (5) and the recomblning means (8). 
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